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Trvestisavions on the 1o cratory mreoduction of Coryaulax ca e.nella
po;ao” vere *s.rried cut at Cap Detricic fro- April 1’5'f Lo oer
Methods wsre developed for the esiimation of bro-r:‘m Yy “z-z,cu r:.*rosw*ic
count or bty the analyiical detormiration of callilar carbe: ,\,drate. Po‘ecn
wos extracted from G catanella ceolls nd aasgred as shellfish polsen,
Use of a large inoculin, Iliuminavior with flucrescent light, and contimu-
ous incubation nt 17 C for 7 to 1L daye gave maximal ylelds of 50,000 %
80,000 cells par ml in sea water and in artificial s2a water md:.a. Ir=
pmad growth was obtained by increasing the nitrate and iron consentration

. in sea water medium, The addition of culture filirates, extracts of ecn-
teednant bacteris op organic rutrients to sea wetsr melc did not sirmd-

.- flearmtly al%er growth of Q cat sormbact with rubter products or

’ gavinized shast mstal CO*“ thited srovth, Btainless atesl or

«258 .y Lnnibo
polystiviena caused slizht i-.}.iﬁ*ic' which was overcors with athylene-
A4 gmd natatrgacetste (EJ'M)‘ Saran plastic or alwdmum did nod iﬂhibi*
X . growth, Artificial soa vater msdic prej ired with 8 mixiure of ingrganic
“-w*—m-s&u {lzmar ond Pleming), or with eomwirclal sea palt diascived ir &
%+ + Water, supported good growth of sce water inoculs but falled % suprpo
I T0 catanslls growth alter repeated subculture, Jrowth in the sea esalt
2, &8 Lrproved by She addition of 0,01 per Sen‘t ED%A and © ;:fo 1% per
Gﬁﬁtﬂ “.W ’ *6 Wmmﬁ;«':‘- 1o bl shant 4 antanallia r_h_n__ture
wits B8 SLiminuiad by breainemt with Kmbibiobics; Vi iiar rroosases, OF
u;trzviolet irradiations The addition of polymrxin ¥, penioillin
__ streptotiriein or utreptorfelin to culturs medis ed ths growth of
=g ; Tha bast g:iuﬁn vield; 1.3 mouse urdte () per mi, in
P on widle war obtuined in 3.5 litere of sea wailer culiure cone
talning 17 nug of polymyxin B per nl after 7 deys of incubation in a ro-
tating famn‘wr ﬂ.th aominuox..a flucreseent illuminaticds With &n averags

Y:.Q.Ld QL $ m per lu ,);r H'Uh’ vnb Wdi.—l—a&‘d pvf.GCu ra vd‘&:t

gveilable faciliting was 70,000 MU per week,

! P
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studied at Jarp TDetrisk fyam Upril 1070
origirally isolated [rom Tred waler”
wee o-tgired from tre {nvastiigators & 4
ing «~alifisr poissn amder Zondtract Yol LT4L-MUZST. Tre smltare wes frae
of otrher plankten oul contaired microbial contesinants, Using thia sulture
the Callforniz fvestigators hed Jevaloped seversl =edie contalining aged »r
ratnclaved Pacific Wwatar surrlemnted with =marine =md (s5011) extract and
imorganic sowmoes ~f mitrate, phosrhate, irom ad silicats, Six volumes of
medium were incculeted with 1 volome of cultice and the cultwes (87 to
7,525 ml voluwes’ ware incutated in pyrex bottles in & 17 C water bsth for
an spilsam growth veriod of 1 w2ek., The cultures ware illurinated with
Flweresoent or incsndsgcent Lights so plsoed that the light was filisrsd
throvgh 1/2 to 1 inch of water, Kaxddmm yislds of 2,000 to 14,000 celils
per 1 (Wlth the sxseption of ome yisld of LO,400 cells par ml) xere obe
tained, The cells wera ssntrifuged {rom tha cultire modiym ond axirastad
for poleaon with boiling 0.1 ¥ HCL and the exiracis vere sésayed by the
atanderd mouss sesay mihed for suserl poison used in Projsct L-61-1L=001,
™he naxisum poldon yleld obtained by the California workers was 1.2 mouse
urdtd por vl for & eltdre contelming 40,500 a6 l2 per mdl, The sxpected
preductidn with 1largd seale scuipment (20 liter bottles) devised by thase

wojarn gar 3,000 S0 10,000 nowse witd per wsck, ,, .

+
- 'l(
o

The imveatigations 4s80ribad in this report wers unisriaken with
sllneiive of providdng & relisbls sourse of O gat poiecn in order
(4% shamiod] sharmeMrisetien Rght préseed” tion saused

faildle e netural soutsdd. A¥EeEN wvere made 40 inoreass poison
ARLAL W systanatie §Audiar oA AULFLMen and (Da\Dation sonditieng af-
fasvdng Me ynfardwnately, she resulti of sowme o the experis
maed ey a8 Gorplete as dewired; 308 was retarasd W W slw
w ind Srapilivy of &W k8 wall 24 By the presanse of eon~

2andd LR He sioak @ ) ek interfered in she eveluasion of
nubrdtionsl sffeate, The sdrapt ermination of the prolest interrupted
pland fopf addisionad shwiies and left some oxpariments pariially som-
plossd. This worl wap inaluded for its possidle use %6 future investie
zakions 37 0 satanalia, \ e
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a., MW THCDS POR THE DETTMMINLTION F TROWTH
(1) Direct Microscopics Zell Zounts

aulax catanellas i3 a unicellulsr, oi:ﬂemnd dirollagelilate occurring
singly n short chains of 2 to o zells in artificial culturs, Pach cell
ie wcxma*mly 30 to LO microns in diam~ter in srtificial culture, Mere-
sSopic o8l stunix ware made by the Califurnia workers on culture samples di-
luted 1 to 100 with 2.5 per cert formalin. In the invastigations at Camwp
Detrick approximately 7,035 ml of a2 well-mixed undiluted culture was transferred
to & Howard mold counting chamber; tha chanbar xas heatec for 1 minute at 70
C to inactivate the motile cells and placed on the stage of a winccular micro-
scope giving 100X magnification. The intact cells in 30 or more fislde vere
counted at spproximately equally spaced locations by moving the chamber with
nechmiul stage: The gyrrage count per field miitiplied by the ~eciproocal
of the f4i51d volume in ml (5300 for Spemcor binocouler mizTasesvs with 10X ob-
Jectdve and 10X eyepisce lenses) gave the number of cells per =, Duplicats
or triplicate semples cf sseh oulture wers Gounted, The sveraged count of
2 cf more smxles vwis reocrded ae the oell yield, Replicate counts usudly
did not vary by mere Rdan X ver cemt, The small sarple voluws sl the ten-
dengy for weven eell disteidution on the o-amtin( chmtr iixited the soowrasy

of shis motied. = .
={2) Vieeal Estiwatién of Crawth _ | -

It was poosidle t0 eotimsta § catrggni growth Tisuslly in cultures
sontaining mere than 1000 sells per p mathod vas sorvenient for fol.
lo'dng in test tube cultures throughout the (noubation piried without

ng the oklturs Uy frequent removal of samples, Qrewth wis expressed
Btlfu mm- Q@ threugh § whioh had the following spproximate Feiatian te
ssll ¢o '

~-,——w--—~—-.r ———— e e el

ol B e S L

TUTTTR rmmiemm e - N LAGTS Y e T e =

Visual cstimation of th~ suspended growth in unmixed cultures gave an
approximation of the number of living cells, an Indication of culture vigor
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tecsause “ead zalls settled out. Intacu "ead collf werz ToT distinguisned
from living cells by the miiroscoric couint.

(3) Detarmination »f Zellulir Cartonydrate

The anthrone meth od1 a q‘antitative calor'ﬁetric deter-instion for
carbonyirates, wasg s‘“dmd ac a poss.blie mrticd Ior determiruing cell numbers
of QO catanella. The cel:.s were separataed ‘"rom ha —wlium by centrifugallcn,
treated wiin the anthrom rengent, and tre resuiting tauue color e agured
wmvncuxy. Dl.nfu.u:. of 3 1, 3, 10, 20 samd D m) valirwa of 2 well wixed
1lé=dav-01d culture nf G catanells grown in 500 %1 of sea water medium were
transferred to 0 ml conlcal centrifugs tubeu erd centrifuged st 2000 rpm lor
10 minutes, The cerbchydrate content of the supernatant liquid was found to
be negligible and it was decantad and drained by placing the inverted tubes
¢n £iltar paper, The celle in the tube were resus;endsd in 3 ml of distilled
water and the tubes placed in an ice-water bath, Saven ml of the amthrom
reazent (0.2 per sent anthrone in 95 per cent Hgsc ) vaz addsd to each tude
Slowly wth shaking to evoid overheating during the mixing. The tubee ware
hested in a bolling bath for 10 minutes end dooled. The opticsl density (OD)
of the olsar hlus coler was measured in a Coleman spectrophotomster at 620
mi. The fol owing resulis were obtained:

Colture volums, Total celle, v, 3] 0D/1,000 cells
i thouwsands
1 3 0.0555 6.018¢
5 15 0.278 0.0185%
_AD ) 50 =Q0.58 0.0196
ris] &0

1,204 0.0201

- - = oo A wcEal & e e —— -
e - == [P [PPSR B —

A linssr relationship betwewn optical density and the numbder of cells Ma-”
lysed is shown by the sgreement emong the 0D valuse psr 1000 cells. Thess
valuas also sstablish the sensitivity of the msthed to be approximetely

100 cells, which ia grestér than the dirz:t cell count method, Disadvantages
of 4ne mtﬂrm Mwou ware that it d!d noh distinguish bsuwsen intset cells
And cPllular GetTis &s was p:::‘.ble b‘,‘,’ tha dive

rt oount method. an. that the
O value per 1000 cells varied with culture aga,

1, Neish, A. C., 1950, Analytical Mstheds for Bacterial Fermmsntations,
National Research Council of Lanans, ..eport No. LE-2-3, Revised, p.30.
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(u) Determicaticy o7 lellilar ©igrent

Spsc*rop‘”towﬁw*” ezamination of tre pigw s exiracted Ifrom T cala-
nelia ~21ls with methanol showed majsr absorptison maxira at LL0 and £7% =,
To delermire whether a correlaticn existed tetwesn the number of cells ex-
tracted and the absorrtion values of the pigwent at LLU mu, differant voi-
wmes of a culture sontaining 39,000 cells por rl were filtered on a 1.2 cm
sintered glaas filter, The cella on the Iilter were washed once with 1 nl
of water and extractied at 25 £ with five 1 ml olmes of 90 per cant "Ethanol.

H S

— - - - _s A " B B T B o Y ol o d - cmd &' v -~ M—A + -
TNY Icllowling opllcal Qen3_ly Vaiwes ¥Is Ouvas P uy icats sxiraces

Culture volume, Celle extracted Optical density
mi theusands
b 39 5.015 0,01
117 0404 0,055
i 386 0.07
5 195 0.1L3 0.098%
7 273 0.180
Ny R S S -

™2 method was unsatisfactory for ths quantitative detarmination of

growih beddusd thr optical density values of duplicate semples varied snd
bessuss the optical density did net increass in preportion to e nusber of
86lls extraoted, Thasy arrors wezg prodatly csused by insquallitiag in pig-

mant axtrsstion, With & d accuraey this method of deterwining pig-
mented (prodeﬂdmuly viable) cells might provide datéer estimation than
tha griheans methad whioh was suhient 38 avesrs Ays 4o sellular debrds and

semtatinant growvih,

 Additional absorption maxima were obsarved in pigment exiracts of the
cells from 3,5 1iters of cuiture, The cells were ~xtracted in & centrifuge
tubs with & succeseive 2 m1 volumes of absolute methanol, The pigmants
ware extragted from the cells at different rates, i,e.1 orange and red

(%anthopryllie) pignents predominatséd in extracts 1 ard 2, gresn (ehloro-
—h-\ﬂi- an#i 4-\ 1 -!-\A } avd wataw -4—.——\0- G-\ ﬂ and A "H-n :\qnnv—p_

Yy memev; re ) s JgVamwT e Iy bd - W

tien m.xim of -he oxtnctl were Jetermined wit.h 2 Bnclmm model DU

spectiophotometer, They are listed in order of decreasing intensity for
sach axtract, as follows: ,
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Extract lclor Atazrption maxdima, (mu)
1 arange-rad 323
2 red-green 328, 270, L20, 4VS
3 green 675, L10, 330, 540, Si0
L green-yellow 673, W10, 420, LL0, S10
g y°llow-green L10, 67%
o yellow (slight green) L10, 675

The strong absorpiion of blue light and red 1light may be of significance
salecting optimum L1llumination coditions for the artificisl cultivation
g cstanslls,

(5) Determination of Culture Turbidity

Cr -
Lol Y 4 ]

The turbidimetrio methed was a rapid reans of evaluating grovih in oul-
turas vhere extrandous turbidity caussd by contmminant growth or precipi-
tates in the medium was atsent, A linear relationship was ghown G exlst
batween the cell count and the turdidity valuss of oculture samples, A Cole-
nan photonephelomsder was used to medpure the twrbidity of culture dsmples
in 10 = test tubes. The instrument wee adfusted t0 O turdidity with e
appropriste urdnoeulated medium, The cells in tne culture sargle vers evsnly
suspendsd befors reading by tapping the tuba lightly, and the first stesdy
alvancmater reading wae rocorded zs the turtddity valuwe, The steady valw
deorsased af%er adovt 3O seeends as dhe oells either ssttiled or swam %o tiw
surfase of the liquid, ™he dlsadvaniages of this method were it fallure to
give reprodusidle turbiditied and the fa0t that dead cells, sell fragmnts,
and sontardnant growth were inoluded in the turvtidisy values., A more aceur-
ate astimstion of viadle growth was possidbls by visual examination of the
cul'c.mdfa, and the visual method was used in prefsrence %o the turbidimetris
mathod,

t. THE DETYRMINATION OF PQISON YIELDS

The growth (eell yields) and toxizity of Q catanella oultures often
wers not parkllel; therefcore, L% was necedsary t3 scvcrmine polacn yields
for mncourate evaluation ol medla to be used for poeiseon production., The
poison was sxirscted from the 0 catanslla cells and determined by tre stan-
aerd mouse assay —nthod for shelITiek polecn, 1msults Were expresy=d as
mouse unite {HU) per ml, a mouse .nit teing the armount of poison which kille
& 20 grar mouse 1S minutes after intraprritoneal ini ction. The poiscn yield
did net include poison relewssd from celle into the culture medium during
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incutaticrn, The amount ol oolsar 1ot lnotnis mannor wao oot retabllshed,
- k P I's . e . HE .

gince a =method for the recovery of Uolson Irom sea waler mediur was rot

a¢a¢’ah_e, ard the polson coul” not be assayed accurately in the medium

The selaction of a polson extractiion methuot was tased nn tre resultis
of teste with diffe ent 2xtraction solvents and <izferent methods of
collecting and treating the cells for axtraction. The extiraction solvents
investigatad were: 0,1 ancd 2.01 N HCY, 0.21 N acetic acid, 2.71 N HCL con-
taiming 35 per cent ethanol, 10 per cent trichloroacetic acld (TCA), and
watar., The cells from 29 to 100 ml culture sa~ples were extracted at 80 to
55 C with successive porticns of ths solvent, Several tests ware rada with
diffareant culture sa-ples at different times in this inveatigation. A 0.01
K HC1 extract was prepared in each solvent Last to giva a baseline for conm-
paring the efficiency of solvants in different tests, The following data

show that the best extractior solvents were C,01 N HCL and 10 per cent TCit

Solvant Test colvent 0.01 N Bl control
MU per =l MU per =l
L)
0,10 0.1
15¢ ethanol in 0.01 X HCL 0.07 2,10
0,18 0.2
Ol W aoetis a0id .07 0.09
0,03 0,05
108 TCA 0.52 0.L5
Yater ‘ 0.02 0.08

The TCA axtrazt was odtained By a single extraction with 1 ml of 10 per
sent TCA followed Yy extraction with 2 ml of water. The TCA was removed
from the axtractd by treating the mixture with 1 gm of anion axchange
resin (IM-LB) %0 give a nautral filtratse for acexy. "he poison extracts
ohtained with tha othar solvanta did not require trestrc vt other than
dilution before assay. Based on poison yields and convenienca of use,
0s0L N HCL was melected as the polison extraction solvent for this Projimet.

A convenient #nd rapid procedure was desired tor poison extraction
from the numerous axp-rimental cultures, A suitable procadurs consisted
of collecting the cella from 100 ml or less of culture on 2 laysy of celite
cn & lirsch funnel (size O0CC) by vacuum filtration., The filter contain-
ing the cells was placed in xn cvan at B0 4o 100 C and the cells exiractad
with onu 1 w1 and fow 0.5 »Y volumes of O.01 N HCL added at 2 minute
intervals, The mxtracts ware colincted and brought to the desired volume
tn celitrated 12 ml centrifuge tules. An alternate method consisted of
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collacting the cells in tarrrad LT ml cronirifuge tites Yy cemivifvging or
S miautes at 2207 rpm. The superrnatant Lisuld was pourec oIy 2,71 W HCL
w22 added; the seciment wag resusgenzed; ant the wuTe was —Laged noa v.oll-
ing water batn for 1T minutes, The tibe was centr_fuged for I orminutes at
3007 to LC™0 rpm and the extract was reroved with z pipette. The acia

extracticn was repeated savergl %i-es, The two ~etrhoecs gave similar re-
sults wiuh culture farples containing less than 0.2 VU par =1; howaver,
when the toxiclty oxceaded thie value, higher rolson ylelds were sttained

by mxtraction in cerntrifuge tutes aa shown oy tie following cavas

Sample Fi.gere?aéiod Cnntraéég;e;:gf me thod
1 0.05 0.07
2 & 0.08 0,06
3 0.1L oL
4 | 0.16 0,39
5 0.28 0oLS
e

Improved poison ylalde ware obtained ty reducing ths m2unt of celile
used in the filter method, Sample nurber L yilelded 0,16 NU par nl vhen
filtered and extrascted on a layer ~falite 1/L inch in depth., This yleld

" “was inersased to 0,21 MU p-r ml with 1/8 inch of celite, #3d to 0,33 XU

per ml whan no celite was used., Howaver, the filtration of culture sarples
without celite vas f{rejusntly slow, and tha centrifugation method was pre-
ferred for routine test assays, A modificetdon of this metwhod was used to
extract the poison from owltures of L to 11 liter volumes, The cells wera
¢ollected in a Buchnar funnel contairdng s thin layer cf celits on a coarss
filver paper {Taton-Dikemen Mo, 615), The cell and celite mixture was

transferred 0 & centrifuge tude and extracted by the above procedurs,

A Bingls atlempt wes made to collect and oxtract cells on & celite
aaluen as reportad by the California investigators (Contrast Number W-18a
06L=1-251, 15 Apr 51). A 1000 ml sample of eu.ture was passed tnrough a
celumn of celite ¢ inchas in diameter and L inclies desp., The column vas
placed in a 57 C over and extracted with three, 25 ml volumas of beiling
0.01 N HCL, The comtinad extracts gave & yleld of 0,0L3 MU per =1 as
compared 1o 0,065 MU per nl by 3 extractions of a sanple of the culture in
& centrifuge tube,

Micrescopic examination showsd that moet of the J ca.anella cells re-
tainad intact cell walls aftar extraction with Mot 0,517V HGL or 0.1 X
HCl. Atterptie were mads to treak up ilie cells in order to improve poison
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1 r 3 < i = - : ’ P I B oo !
extraztiion, Very/ I'ew 1ntact cells vamialLnen aller goctiliation for 1T
- .« e -~ - - b . . o -~ PN v dem=
minutes with 2,1 or J.< rmodiametar plass spneres an CL0L N HZL in othe
o Pl A ad . b L = . C A ;2 ) B
sup o8 a Micxel clegintegratsor., The mixture ol aclZ, dls.ntegrated cells,
A

ard grasg spneres was neatec fcor LD minutes and filtered,
tract of the same culiure by the filier ~etho? gerved as *“ne conirol,
The Tesulte 212 rot show in-sreased poison ylelds bty the disintegration
process;

Sarpis Filtmr Disintegration
MU prrmd MU per ml
1 0.1L 0.18
2 0.20 0.16
3 0.10 0,10
4 0.08 0. 0%

The effect of the cresence of a plasmolyring agent on polson extraction vas
studied by including 1 per cent of ethyl acetats with the [irst portion of
extrastic.. eclvent. The results with 3 golvents shoved no improvement in
poison yields by sthyl scetate treatmant

Solvent Control 15 ethyl acetate
MU per ml MU per md
.01 ¥ 01 2,250 0,080
R ' B 0.045 0,030
0.01 ¥ aestic agid 0,070 0,050
€. 029 0,030
Water 0.020 0.020 to 03026

A lack of correlation between ylelds of celle and poison was often
observed, Detarioration of poisen within the cells, or diffusion of poison
from the cells into the medium during the growth pariod would result in re-
duced toxicity. A lose of cellulx poison was cemonatratsd for cells sus-
pended in ssa weter and stored in the dark at 5 0 or 17 ¢ to minirdze growth
and pcison synthesie., The cells in & 250 ml sa~ple of culture (containing
S1,00C celle par ml) were collactad by gravity filtration on coarse {ilter
paper and resuapended in 250 ml of sterile mea waler, The resilting cus-
penaion containing 48,000 cells por ml was mixacd and divided irto five 30
nl samples. Duplicete sa~ples were stored in the dark at 5 C and 17 . The
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remaining T2 =1 savrvie was cxtvasted for the fnitial (O days) polzon yield,
Aftar 3 s-4 7 “Jays, sa~rles siored 2t each Lemrarature wore rermcevad and e
“racted, Folscn AAelids and cell counts facreased Zring Stovrapre at teth
ta~paraztures, Ine increacsed numiers ol cells per MU indicated that ine
poleor yield “ecreased more rapidly than ihne cell yield:
ks 7 k5 J
17 C 5 C
Storage Tells/ T A Celis MU  Talls/ml  NU/ml Celis/¥{
days {thousands) (thousande) (thousands) (thouaands)
¢ L€ .17 2 v Lé 217 270
V4
3 38 7410 380 Lo 0,11 365
7 33 0.08 Li2 3 .10 310

The cells stored at 17 C had lost 27 per cent of {heir initial poison content
after X days and more than 23 per cent after 7 daye of storage, Similar losies
in growing cultures would materially reduse polson ylelds, It would bs desirable
to minindee 3ush loda ©F & continuous harvesting of the cells or by devising
wathods for the resovery of the poleon leat to the cuWlture medium,

3. CONDITIONS FOR THE ARTIFICIAL CULTIVATION OF OONYAULAX CATANKLLA

a. INCCULIM

fulturee of O catanella inoubated for . to 2 weaks in 1 liter of sea water
media {n Erlermeye¥ of 1ow form culturs flasks ware used as a standard inosu-
1w (sea watar ingooulum) for experimental and production media, In the early
part of the study, whole culturas sontaining both living and dead cells were
used a8 inoculia, Later it was found that an incewlum conaisting only of act-
ively motile cells produced a shorter growth oycle., The motile cells at the
surface of the culture were coricentrated by carefully decanting the top layer
of the culture into a sterile 500 or 1000 ml cylinder or aspirater bottls.
The most aotdvo cells again vapidiy svam W the surface of the liguld, Whan
a zall voluwa of highlv eoncantratad motile cells was desired, the lower
layer of the pooled inoculum in the cylindar or sspirator btottle was slowly
syphoned off, Total cell counte were made on all cell suspensions used as
inocula, Wwhen a serieg of media was inoculated the pooled inoculum was
wixed fraquently to insure the transfer of squal numbears of cells to each ex-
perimental medium. All media was dbrought to 17 C tefore inoccul ating,

The effect of dinoculum 8i7e on growth in different volumes of 2eca weater
medium wae studied, A 16 or 20 par cent inoculum was superior t¢ a 10 per
sent inoccuwlum, Increasing the iroculum from 10 to 20 per cent approxi-
mately doutled the cell yleld in 50 mi vclumes of medium., Increasing the
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incoul from LS 1o 20 urr cent gave _noveases Le ] ynelts alter 2. Lays
of Zrcutetion in 1,100 ml o wolimes I madlm, e suorarized datlz wers
z ri- Volume Inccula FReplicate Cells per ml (theusands)
r )
ment 1 per cant gultures Z3ys of incotation
- = 2 o - a1 ~
J ) 7 12 4 20
1 50 10 pd &6 11 17
afa) -~ -~ - =
s —\/ [ LD -
2 1000 16 3 L.6 .5 P 13 ¢S
1000 eQ 3 5.2 12 15 17 38

A 16 per cant inoclum (1 volume of inoculum into © volumes of —edium) wes
aelected 'or routine use,

b, CULTRE VESSELS

All cultures ware insyhated 2t 17 C alither in a cuonetant termparatur
laboratsory »r & water bath, A variety of culture vessels weas usad with
different volumes of mediar 5 or 10 ml volumea of culture wars incubated
in 18 mm tast tubes, SO or 10ﬂ ml in 250 mi Brlermeyer flasks, 100 ml in
SO0 rl Friermeyer flasks or in 2,5 liter low form culture {lasks, 200 or
600 ml in 1 liter beakers, and 3,5 to 11,5 liters in 20 liter bottles, All
glassvare wae pyrex. The cultures in test tubes or {laske wers usually
closed with cottcn plugs, although aluminum or glass caps wers scmetimes
used, Watch glaases cr shests cf cellophane wers used on baakaers,

¢, ILLWINATION

(1) Sourcs and Intensity

~ - e T = Fan e . | A_J.‘A.J PRSPy [ W e 4 -
g cataneila rsquires ill ALAON Xar growih., fluorescent ligni pro-
L —— S -
vidad a conveniant asurce of illuminntion and was umed axclymivaly, Cul-

tures in test tubes gave similar growth when illuminated ty any of the
following methodst (1) 4in air at 17 G, 1 inoh atove three LO-watt tubes;
(2) in an 8 ineh round waler bath aurroundad by a 22-watt {irclins tube;
or (3) in a 20 by 38 inch water %ath C.5 to 1 inch akove & submarged 20
witt tuba. Method (1) gave an iliumination intexaity o approxinmately

1000 foot-cendles and rethods {(2) and {3) gave spproximately 320 foot-
candles, QJood growth was cobtainad in larger volumes of culture illuminatad
ty fluoraescent lights nlaced a%sve, benapth or beaide the culturas, Cul-
tures in flaske an’ teaxers were usually incubated on shelves covored with
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eomingn 011 1 foot telow <nres _Iewatt iules (Lizit intensity of 1700 faote
candleg), Culzwures irn 10,% and 20 liter 2o%tiles were incubated in either an
urright position tetsean 2 seils of three _T-watt tutes Ar in a horizontal
regition (1) tetween 2 sets of tores L0-watt tubes or (2) with a sst of
two 1S-watt tubas a® each side ~f 7ha Tottle and one 13-wa%t tute telow the
tottle., Yields of L2,000 to 57,000 cells per ml wara obtalred irn sea water

~adlm cultures in :est tubes and flasxg incutated under z variety »f {llumi-

nation conditions, indicating thet illumination was not & limidtin ‘a”tor in
’ .

tre artificial cultivaticn »of 5 cazanalls,

(?Y CZontinwous and Intarittent Illuminatien

Growth w1t compared in test tube cultures in sea water media exposed
to continuour! 1lumination or o 1memitwnt illumination (16 hours of
illunination Jollowed ty 8 hours of darknesa), Cultures grown with con-
tinuous 1lluiinaticn gave larger Ll-day ylelda than the correspeonding
cultures receiving intermitlen’ illumination.

IXP. Calls r nl/{thousands
Hedium Ne, COntinu.oup /A Inv-z)*hitten
Se4y, weteor b8 79 n
s 53 25
- 3 54 E
Sea watsr without L 35 18
noil extract 5 33 24

The rate of contaminant growth wes net raduced by intermittent illuﬁmtioé;
theafore, continuous 11lwrination was advantagecus for the artificial oule
tivetion of 9_ catanalla,

{3) ludnation Through a Water Flltar T e

An indication that artificial light contains wave langths detrimsntal
o G ocatanslla led the California workers to use a water f{ilter between the
cul¥iTe and the Light source. This requirement was not sonfirmed by experi-
Mrta in tha present work, Teat tuben contadning 5 ml of culture were
inoubatsd 1 inoh atove a 1S-watt {lusresesnt light, Cultures illuminated
by direct flucrescent light gwe an average yleld of L3,000 cells per nd
gorpared o 42,000 cells per ml in cultures illuminated through 1 ineh of
vaver, Similar resuli<s were obtained with 3 liter volumes of cultws incu-
tated in jars betwean fluprescent lighta, One jar of culture was placned
in a jar 2 inches largsr in diametar and ths annular space was filled with
vater to provide the filter, This culture gave & and 11 day cell yields
of 5,000 and 13,000 cells zer ml, ard a © day poison yleld of C.C4 MU per
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~1. Tne correspunding rlalag in wrne control clliure were nd 17,7

NEDERS SURY 34 S - = ~ -

te..s ey i, a=A .33 MU oLer ol

[ IR AR T

(o) Penetratiorn of Light into Zulzures

A 8tudy of G catene’la growin in beakers contalining different depths
of medium Wes male Ty Dreparing sea water mecdium in 2 duplicate ge:s of 1
liter beakars, Ons set contained 200 ~1 each o* mecizm (culture depth of
2.5 cm), trne other set contained 600 ml each of nedlium (cviturs dezth of
7 em)., Cma of the duplicate cultures of each sst was covered with a
¥watch glass, and the other with 21 sheet of cellophane, The cultures were
{ncubated under trree LO-watt flucrescent lights, Although the ¢eoll counts
of all the cwWtures were asimilar aftar 7 cays of incubation, beiter polson
yields were obtained in tha shallow cultures, The colson ylelds in the
cultures {illumnated through glass were twice those of the corresponding
cultures llumnatad through cellophane, suggedting thet detrimenial vave
lengthe of flucrescent light penatraterd the cellcphane.

tupa Calle prr ml (thouwsapds, 1 1
lezpésa Glass prE ( ocefﬁp%am GlauM per chellophmo

y 18 19 0.22 0.11
2.5 ‘ 19 25 8,57 0,25
ra— . o

Additional avicdance was cbtainad for the cellophane effect by subculturing
saples of the shallow sultures inte duplicats 50C =i voiumes of ges water
medivm in 2 lltar beakers, A ssoord subculture wiks meda in & eipmiler man-
nar from thls subeulturs after 7 days of incubation, Tha nell and polson
yields af<«r inoubating the first muboultwra for 7 dayt arc the secord sub-
cuiture fof 5 days wermi

1ls per nl MU per xd
Cover thousands)
Subculture Subculture
1 < 1 ]
3lass 9 30 0,19 2.30
GCallophane 16 eé 0.18 0,15

R

The second sutculture again ylelded one nalf as much poiscn when 1lluwd-
aated through cellophane, indicating that short wave langths of light which
paretrated cellophane tut not glase reduced polson aynthesis or polson
stabilidy.

(S) Wave Langth
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e affm tive-ags = Llpnt o SlIlevart wave langirs wgs co-canad T
ircutating duplicate T oml vwolomes oD suiture Inowubes 2,0 inches atove
dilflarernt 2olzornt flunraszant Lipgnts Tre regilte 2 zi, axreriment ger-
{or~ed with 2 different medla under identical conditions showed azual
growen with whizt-, red or green lipht, EZlus Light supportacd tatiar growsh
in 2es water =sdiu~ and 1ass growth in the artificlal wedio:
Color . Inzensivy Calls per ri (thousands)

(foot-zanilas) Eea water madim ar+ifinial medium

white (control) 100¢ 19 21
red 50 17 21
green 575 17 19
Plue 500 32 12

The effact of 1llumnating cultures with mixed white, red, and tlue f{luor-
escent light was studied, Three 1,:00 ml culiures were incubated between
o sety of J white fluorescsnt tudes and ? gimilsr oultures wers incudated
batwean ? sete of lights, each containing 4 white, & red, and 2 1w f{luor-
ssoent tube., After 10 days of incubtation the following growth and poison
yields were obtainsds

4

I1ludnation C(‘clll par ml MU per ol
thousands) {pooled cultures)
white ‘ 13, 12, 11 0.13 o
mixad 10, 10, 11 0.26

(6) Orowth with Natural Illwumination

Studies on the utilization of sundight as a souwrce of {llwmination for
3 catanella were delayesd by the lack of squipment tc maintain 17 O grewth
Tarperature for greenhoume or cutdoor culiivation, For axample, the death
of § catanella cultures, which ware incuba*ed in a greenncuse in January
1957, was teilaved to be attributable i fluctuating teéspsraiurss which
ranged from 27 to 30 C at mici~day to 13 to 18 C at night, However, the
possibility of inocubation with indirect sunlight wae investigatod aftar
cultures of 0 catanelila remalned viable for seversl weeks when placed at
room temperatures in a nerth windew of the laberatory, Duplicate 2,5 liter
low form culture flasks containing 700 m1 of ses water medium were incu-
tated at a north window which raceived approximately 10 howrs of indirect
sunlight per day, Control culvwures wers incudbated at 17 £ with continuous
f1luoreseant Lllumination (1020 footw-candlza), A contin ous racond of the
sir tempara“ure around the flasks incubeted at room termerature showed

SECRET

Security Information




SECRET

Security Information

3
]
1

ial y Fustuaticong ranting fwe= 17 ot 1302 ir the arly merning o oot
27 7 in owhe Tatz aftevnssn, The averzge nell zointz per wL af o the st
Tres inaunated 27 rocm Temrerature Ceanragzed Tya- },‘}'f sl per =4

after L odays o dmeutation 13 2,007 20103 mer =1 aftor U dgys and 1,300
celils per m1 aftler 11 uaye I incutation, The 2avrezoornding 2211 2oumts on
the control culiwres wers £,2300, 7,510 and 0,307 cells cev ol resreatively,
Tne decrensinis ce Ll QounE uElS “ranly caus~d inozrt oy conmtaminant
growsh ‘.:':.ic':". wag faveral Ty e nighrr incubaticn tearerature, Iw roved
growin -za,,f e ro3sitle 1 —edla o~ntalning antizictier (polywwin &, 2irzus-
1in 9ulfaze or sirepisiiricing to inkitit asgme A8 the oo w*anirsants, or by
artifieial allwdnaticn ol tha culture durling the darx perlod of ine day %o
favor growth of O catimella,

d. TEMPERATURE

Qrowth periods in excess of 2 werksz were often requirad to ottain
maxirrw cell ylelds of O catanella at the standard 17 C incubation tem-
peraturs. Blavating the Incubatlon tamperature did not shorten 4he lag
pericd of growth., Two constant temperatare water bathe, each illwvinated
with o 32-watt circlina {ltoresosrnt tube, were used o0 incwate dmpliclu
test tibe owltures, SEpErAtd exparimsntis vers conducted o sorpufe growd

at 17 C with growth at 20 and 22 O, Altef 17 dgys 1ncubatien the :dllavinl

resulte were ohtained; - wtmn--.f;;.—i; A
e s R Do TE D DL
—-- et e e e T ::-: ,;:rwrtmm m— r‘m“ o e e - -

Terperature Cells il wl
JF(c Su nt«ar Mdipﬁ“ et ﬁ:{ m&im

il

The 1::!‘91* sell rla‘lda and the tandiney fof oeﬂiwmﬂm b-aeterh te mw
more rapldly at 22 U indicated that ¢ 5 ¢ wiwwadioh of tamperatuby wua
undnlﬁn'cle. Orowth in sea water medium ut 20 € was aqrxal to that av 17

G, but § gatapella did not %olerita i &0 e
u-tu‘ichf 'mﬁ T

Cl

incubatien Leperabuds in the

o, CROWTH 1IN AEDLATED CUTIURES

G catanslla cells showwd @ hn&nnu;, to swig to the eurf:‘.e of cul-

turee oven Thcugh the density of the cells wis zreater *han ihat of the me.
dium. Th.s behavior in culiures incubated atsyve fluercscesnt lights {contrary tc
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tre ellerteT oo TToTic regtanze. gurgrstad tnat tRe seTatisr i the
uncerlying —=4lim Wi lrade-iate, .:_:ts;.".;ts were made ‘o srrate cltures
Dy u8ing & F.ess 2rarger v a magnstic ziirrer, A stlalic culture was in-
cutated as a 2o07irc. In cach exieriment, The rezuits with 1,2 ard 1,65
liters of culiure 11 2 1liter beaxers [experiments 1 and 2) and with 5.8
l%tera of medizm in 10 liter bottles or in 7 liter jars (axperiments 3 and
L) werey

{e1ls per mi {thousands)
keration Exp, 1 Exp, 2 Exp. E E.?J L
T aEFe LS days T asys L OEy® U4 Q&yS O days dayv

nona 11 15 18 27 L 10 10
spargar 13 ek 17 19 8 7 é
stirrer 13 21 i 29 7 4 13
S, — o ?- - -

Only elight d4fferancas in growth wers obssrved. and naither aseration

mathod consdistantly improved ylelds, Using a sparger 40 aerate 11,5 liter
volwmi of oulture in 20 liter dottles likewise failed ¢ improve provid

(] fioantly, Agrision by meens of & rotating fermenter vas were sudcesa. _
ful and is diseussed Later in ¢this report, . ]

&, BLi VATER MEDIA

o e

TUTa) svandesd Bed Watar Nediwa A S
L dva vadef madive deviliped by Vhe invesiigaiers et Ve Universisy of
Julilernis served e A28 atandard sed WAVRP maditm AR Whem invarmgeMicnd,
the competiiton of WLe nedlm wam o
i - e e . - e ST T T -
suvotlaved Wik water 746 por oend
esil axirast L, 2.Q per ocent
by 190 mg per liter
K2y, 10 ag per Liver
el 1l mg por liter
The seve water wes collimcted, autoclaved, and stored ab room terparature in |

pyrex bottlag, Soil wxtract was rrepared by steawing a suapension of
macine il dn diavilled water (0.5 pmoper ml) for 1 hewr ai@d filtering
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the Supernatant tiquis througn a L/ inen layer or ocoliic omoa Bulhine:
{nn, Tne extract was autoclaved a:d siored =2 2 C. The corpliete
mediu Jas aldtsclaved and cooled to 17 C troisre iroculation, Sea water
~edium was used o carry in~ stoek culture and o supply standara l.iccuium
cultures for ihe experimental studirs, Modifications of the sea water
medium were tested and are discussecd i. tiw [cllowing sections of this re-
port, '

(2) Source of Sea Water

Satisfactory growth of G catanella was obtained in ses water medium
prepared with atlantic or Pacilic ssa water or with Atlantic sra water col-
lected at different depths ancdist.nces from the shore., Through the coop-
eration of the Navy, 200 gal. of sea water was collected in Juiy 1951 from
the Atlantic Ocean of £ the coast of Virginia Beach, Virginia, at different
depths from the open sea and near the shore. The following cell ylelds in
5 ml volumes of sea water medium prepared with ssmplas of this collection

were obtained after 1L days of incubation:

Sea Water Cells per ml (thousands)
9 miles out, surface water | 32
? miles out, 6 feat belov tha aurface 33
9 miles out, 12 fest below tha surface 27

1 mile out, & feet below iha surface 30
In bay, etb tida, 3 feet below the surface L2

The results show satisfactory growth with each of tha sea water samples.
(3) The Rffsct of 8041 Extraoct

The effect of omitting ths marine soil extract from sea water medium
was inveatigated as a possible means of mxpaditing the large scsles produce
tion of Q catanella poison. A preliminary experiment showed ejual growth
of 0 catansild, Dy visual satimation, in the first passage in sea water
medTum I%ﬁ In sea water medium without soil extract. The inoculum was
grown in sea water medium., In a sscoud sxperiment, growth was detarmined
by dirent call ncounts, Aftar 2 passages in sea water mecium without soil
extract neither the normal cell yield of 20,000 to LO,000 cslla per ml
after 7 to li days of incubation nor the normal poison yield of 0.2 te 0.3
KU per ml was diminished. However, rapeated passage through the medium
without soil extract resultod in the reduction of cell yields to 10,000 to
20,000 cells per ml and in the reduction of poison yield to 0.1 to 0.2 MU
per ml, The numbar of G catanalla cells linked in chains was reduced
from a maximum of L celYs per chaln to a maximum of 2 cells per chain with
a preponderance of singie cellg. Extracts of soils from various sources
ware tested for stimulative effects on these soil extract-depleted cells,
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Improved growin was obtained Wwitn wne standard volume of extracts of ?afﬁaﬁ
and river soilsg as well as wilh marine solls, alithough the solids centent
of the extracts varied, River sediment and gzarden soll were satisfactory
substitutes for marine mud as a source of scil extract as stiown by the fol-
lowing data:

Sourca Fer cent solids Cellis per ml
in medium (thousanda)

fo 8nil 1) ¥ | 38
Pasific mud,*’/ tideland area 0.0182 a 63
Pacific mud, mouth of fresh

water stream 0.032- 60
Pacific mud, asyage contamination 0.0186 L1
River sedimy j?b © 0.001L ' 73
Garden soil Q.001L 53

1) The Pacific muds were collected by R, E., Mills of Pro,ict W-19-064=-0¥251,

2) The river sedimant was cbtained from the Moncoacy River at the inlet to
the Camp Detrick filtratiocr plant with the assistance of perscnnel of
the Facilities Divieion.

3) Local garden 8oil rich in orgarmic matter.

(L) Utilization of Nitrate and Phosphate

Quantitative determinations of inorganic phosphate and nitrate in freshly
inoculated sea water medium and in a culture filtrate showed the removal of
tiwse nutriente from the rmadium dvring growth. A direct correlation between
the increase in cells per ml and the decrease in nutrients was found whan
quantitative detarminations of the soluble inorganic phosphorus, total phos-
pherus and nitrate nitrogen in cultures were performed at intervals during
& 2-week growth period, Duplicate 60 ml volumes of sea water medium without
soil extract in 250 ml Erlenmsyar fladks were lnoculated with 10 ml each of

. waa Wwatar inocidum, A 10 ml sample was reroved irom each f{lask and fiitered
#?\W\huh n(ntqvtef' n1 ama & ﬂm samnlae ?Aw tha inmd 14421 waluas AAA bdc—-1

----- il B we N LA Vi licm

10om sarples were removed after L, 8 and LL days and treated as the iniiial
samplas, - Tha following averaged results wers obtained:

Incubation Cnlle per ml Tctal P Inorganic P Nitrate N
{days) _ (thousands)  (ugperml) (pgper m) (ug per ml)
o L.é 2.4 2 1S,
Lo 12 1.0 1 10,7
8 12 0.9 0.9 8.5
1L 25 0.5 0,5 £.3
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Trhe correlation tetween e ceil yields and the wmount of ‘rorpanic nutrl-
eny removed from the edium indicated that 1Pmizing concentrations of
phosrnate and rnitrate mizht be reachnd witi coantinuing growth; therafore,
the effect of increasing the vhnosphate and nltrate concentrations in the
medium was studied,

Supplementing the phos;nate congentiration of sea water medium with-
out soil extract during prowWwth did not increase cell yields of Q0 catanella.
After 8 days of incubatlon, 3,400 cells per ml were present and approxi-
mately 50 per cent of the initial inorgamic phosvhate remained in the medium.
At this time the phosphate concentration »f half of the cultures was restored
to the initial level, After 15 and 1y days { incubatien 8,500 to 10,8600
cells per ml were present in the non-supplemented cultures and 9,700 to .
10,400 cells per ml in the supplementad cultures, There was nc further de-
crease in the total inorganic phosphate concentration in any of the cultures
after 15 or 19 days. The inooulum for this experinent was grown in sea water
medium without soil extract and the low ylelds 4n all cultures mey have besn
dus to the effecis of 201l extract depls tion.

The cell ylelds of G catansella in sea water medie containing differsnt
amounts of nitrate increassd witn increased nitrate consentrations up to
0,015 per cent XNOj, Further inoreases in nitrats concentration had 1little
effect on growth, The average yields in triplicate flasks containing 100
ml voluwmse of radiurm containing O to 0,025 per cent KNO3j weret

Cells per ml (thousands)

Par cent KNO3 ' Experimsnt 1 Experimsnt 2
7 days 1L days 7 days 1L days

0] 10 6

0,002¢ 17 18

0,005 22 31

0.0 (control) L 57 9 39
0.012 U 36
0,015 22 63 7 LS
0.C2 13 63

0.025% 13 51

The small increase in the 1L day yields obtained by increasing the KNO
concentration from 0,01 to 0.01% per cent was consistent in additional
expariments and this modified mediur was used in soma of the following
investigations, '

(S) The Effact of Varying the Iron Concentration

-The concentration of FeCly in the sea wuter medium was 1 ug per ml,
A preliminary experirent ®sting smaller concentrations cf FeCly ahowed
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improved 1 cay cell and pelssn yields in a medium containing Ueds g

FeCl3 per ~1 and a soil extract prepared fror local garden soil., The
experiment was reprated using a washed cell inceuium to reduce the carry-
over of reCl+: which may nave influenced 7rowth in the low iron medis.

The etfect of adding 0,01 per cent of the metal binding apgent cthylene-
diaminetetraacetate (TDTA) was algso studied. Duplicata 100 ml volumes

of eech medium in 500 ml Frlenmeyer Tlasks were inoculated with a sea

water suspenglon of cells which had been collected on coarse fllter paper
and washed with sterile sea water, The rate of growih was reduced with the
washed inoculum, especially in tubes ccrntaining the lower amounts of FeClj.
After 1L days of incuta%ion the highest cell yield was found in the control
mecdium, and the yleld decreased us the amount of iron decreased, The addi-
tion of EDTA improved growth in all of the media; the improvemsnt being more
pronounced aftar 21 days of incubationt

Fe?l Cells per mi (thousands)

1L days
"8 0o$ A ' 0.01% EDTA of 12t %, 019 w14
0 345 12 g3
0,001 3.8 7.4
GCO} “aa 7.2 ..
0:05 L&ol -
04125 5.8 9e5 , L6
0.25 L.3 12 54
0.5 L.8 22 63
0.7 6.5 30 1 70
1.0 (control) 37 34 58 i

The sffect of higher concentratlcns of FaCls was studied in ancther experi-
ment, A modified sea water medium (0.015 per cent KNO3) was used with iron
concantrations ranging from C.5 to 6 ug FeCljy per ml, “A duplicate set of
1.edia containing 0,0l per cent ZDTA was alsc prepared, All the media gave
similar 7 day yields., After 1L daye of incubaticn the highest yields were
obtained in media containing EDTA and 1. and 2 ug FeCly per ml as shown by
the following datai

FeGQl Cell ml (tho d
R | o pra. CT1ie per Ml (thousands) | . evma
0.5 29 Lo
1,0 30 : LS
1.5 31 ; 55
1,7 39
2.0 Lu 5
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Tar .
FeClia Ot oar mi ! -

4 I wieah il e \«]O oo S)
g, /Y 04 “DTa Ge01% EDTA
~ r
COD [ayyal
L0 37
6.0 L6

These experiments showed that sea water medium was imgroved by increasing
the iron cecntent and by adding 0.01 ger cent %DTA,

(6) The Rffect of Adding Culture Preparations

G catanella culture filtrates or auteclaved whole G catanalla culturas
were addasd to sea water redia. Duplicate cultures grown 1n sea water media
- for 2 weeks were filtered through cosrse filiter paper and added to sea water
~edia immedigtely before autoclaving., The early growth of G catanella was
improved: -

Filtrate Cells per mi (thoussnds)

5 days 5 days iy days
None . 6.6 13 - g2
- 10% tiltrate o 8.7, 12 ek, 27 - 61, 75

Growth was not further improved bty increasing the concentration of the
Iiltrate in the medium to 20 per cent, Increasing the filirate corcentra-
tion above 20 per cent colften reduced the cell counts, The addition of G
catanella oculture filtrates which were cloudy with bactarial growth after
storage &t 5 C, or of autoclaved whole G catanalla culture to sea water
. madium or ses water medium containing 070T0 per cent KNO3 produced little
or no.change in the cell ccunt, Incrrasing the concentration cf the fil-
trate or autoclaved oculture in the medium did nol irprove growth.

Suapenaiona of a killdd”mliéd'ba terial culture isolated from the
O catanslla culture ard added o sea waler medium gave improved growin of
o JaEEESIIL. The 7-day yields in control cultures and in cultures supple-
mented witn 10 or 20 per cant of the susponsion were 5,300, 11,000 and
12.000 ¢cells per ml respectively, To determins whother one tyre of con-
tanimant was responsible for this growth improverment, sea water suspen-
sions of smooth coleny types, rough colony typsas, and a mixture of rough
and smooth types ware added separately in 10 or 20 per <ent concentrations
to 8sa water mrdium onmitaining 0.01S per cent KNOj3 tefore autoclaving. Thers
was no differerice in cell counts aftar 7 days; howevar, improvement in the
rresenca of 20 per cernt smooth tyne and touth 10 and 20 per cent mixed culture
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suspengion was noted after 1i days oI ingutazion:
Contarinant addéed to the Crlls por ml (thousands)
medlin telore autoclaving 7 days , 1y days
None 11 30
10% rough 12 32
20% reough Vo> 36
10% smooth 13 33.
20% smooth 13 L5
10% nixed 8 38

To deterrine whather traces of prctein from the bacterial medium influenced
the cell counts, 0,005 and 0,05 per cent of Bacto-peptone and pink salmon
viscers mael {toth of wilch were present in the agar medium used to cultivate
the bacteria) were added ceparately to the modificd sea water medium.

Nelther peptone nor fish meal altered the cell counts. ‘

(7) The Bffaect of Acide

Cultures of O catanella in ses water medium remained at pH 8 during
growth, Sinoe =cTuiTona o shallfish poison are unstable at an alkaline
pH, attempts were made %o grow G catanella in acidified media to reduce
possible poison destruction durlng the long growth periocd. Acetlic asid
was added to duplicate 20 ml volumes of medium in 125 ml Erlenmever flasks
to adjust the mediun to pH 7, & and 5., A riss in pH osourred when the
acidified media were autoclaved, The amount of added acetic acid, the pH

and the 12 day cell yields were:

0.1 N sostic acid ' pH of medium Cella per mi
added toc 20 ml of Before " After ' { thousands)
mediaun (ml) autcclaving asutcclaving 12 days
o 7.9 : 2¢
a0l 7 g 3
0.25 6 8 , LS
C.29 5 5.3 no growth

Orowth stimulation occurred in the medium adjusted to pH 6. Cell and poison
yvields in media adjusted to pH 6 wirh acetic, hydrochloric, or sulfuric asid
were compared to determine whether the improved growth was dus to a nutri-
tional response to acetate or to the presence of acid during autoclaving.

The tF of these media after autoclaving was 3, The following csll and poison
ylelds were obtainad in L successive 7-cay passages in sach madium:
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icid Cells por ml MT per ml
adced (thousands)
passage » caasage .

1 2 3 G 1 2 3 L
Yora 33 19 22 31 .95 C.40  0.19  0.15
Aertic 3L 36 L 72 .83 0,61 a2 .29
HC1 0 37 3% 29 0.75 0.65 0.21 0,15
H280), L8 37 33 28 0.L9 0.37 0.20 0,11

No medium conslstently gave superior cell and polson yields, The outgrowth
of contaminante in acetic acid treated media may have interfered with the
stinulatory effects of acetic acid on § catanella,

(8) The Effect of Organic Nutrients

The effect of organiec nutrients on the growth of G catenella in sea
water medium was obscured ity tne cutgrowth of contaminants present in the
stook culture., Addition of polymyxin B reduced contaminant growth and
improved the ylelds of G catanells in ths control and supplemented media.
The nutrients were tested at U:0L per cent concantration in sea water medium
ard in sea vwater medium containing 20 ug of polymyxin E per ml, The resylts
of the experiment are shown below, Numbers refer to yields of O catanella
in thousands of cells per ml and the + or - signs refer to the extent af
visible contaminant growth in cultures;

Supplement Polymyxdn, ug per ml
0 20
None Lk - 81 -
Autolyzed yeast 53 + ¢ 72 &
Glucose 39 ¢ ¢ 52 &+
Casein hydrolysate 37 4+ 4 30 + «
Sedium acetate L2 « 51 «
-Sodium citrats 50 » L8 «

Qutgrowth of contaminants was cbssrved in all except the control cultures,
Oreater stimulation of O catanella ocowrred with polymyxin alone than with
any polymyxin plus nutrlent combination. It was probable that the cutgrowth
of contaminants in the supplemented culturss interfarad with the potential
stimulative offects., Raising the polymyxin level to 100 hg per ml did net
prevent the outgrowth of contaminants in similarly supplemented media.
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(9) The Affect of Metals, Rubber Products, Plasuics or Cther
Materials
The ccnstruction of equipment for the reduction of q catane.la polson

would re facilitated by tnhe use of nmetal or cl ahu;,s in prace or glass fer
culture vessels and culture <iransier systems, Materizls which might be
used in the fatrication of such egjulpment were tested for effectis on the
growth of G catanella by adding 0.25 x 0,75 ineh 8snocimens 4o duplicate 5
ml volumes ol sea wazer mrdium, The ameunt oY ~rowth was estimated visu-
ally after 13 days and is repsrted in visual growth unite in Table 1,

The cultures to which gaivanized sheet steel wes added produced viabis
cells, Sheet stesl specimens which were coated with elther Silicone Fluid
DC 200 or DC 50 (Dovw Corning Corpany) or with liquid stainless steel (Slip
On Company), likewise praventad growth, although the latter coating greatly
reduced the corrosion of sheet steel by sea water. Plastic fiber glass
(fiver glass reinforcad with polysster resin) Tygon tubing and rubber pro-
ducts also inhitited growth completely., Stainless steel and polyetiylens
gave slight inhibition of growth, but cultures containing aluminum or Saran
showed growth squal to that of the control cultures,

The metal binding agent EDTA was tastaed as a means of reduciag metal
ion toxicities, whioch were believed to be responsibvle for some of the
growth inhibition cbserved in the above axperiment. QJrowth in the pressnce
of stainlsss steal or polyethylena was sgual to the contrel cultw'es when
0.01 per cent of EDTA was added., The aidition of 0,01 and 0.05 per cent of
EDTA did not reduce the inhibition by gaivanized sheet steel. The eifect
of EDTA on the inhibition by Tygon and rubber producta was not determinsd,

The regults of these experimants showed that aluminum might be used for
culture vessel construction and that stainless stael or polysthylens would
be satisfactory when EDTA was included in the medium, OQalvanized sheet
Bteel was unsatisfactory with or without ITA,

A varisty of materials were tested singly in sea water medium without
soil sxtract for a protective effact on § catanella polson. The following
matarials were used: 0.5 per cent of eifher IN-LE (lon exchange resin),
goluble starcl, dextrin, or gelatinj 0.0l per cent of tale or coarse char-
coal and 0,01, 0,05 or 0,5 per cent of celite, finely divided charcoal or

agar. There was no growth of O catanella in the pressnce of IR-LB, starch,
dexirin off geiavin. OContarmi: nant prowin Yea atimulatad in tha media aone
taining starch, dextrin or gelatin, There was no improvement in growth or
poison production of O catanelia in media contalning any of the other

substances,
(10) The Effect of Qases

The grovwuh of G catanella was determinad in see water medium under
various ras o vironmants, 1Tne neceasmity for gas axciance was shown bty the
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TABLE 1. TI'S EFFECT OF I8 ADDITICY OF "'Fllnlb,
TLASTICS, CR ! uBuu“ RODUCTE. G THE
GRCWTH OF GCWYAUL&X CATANTLLA IN A
WATER MEDIUM
Materisl added to culiure Growth (visual)
First passage Second passage
Yo EDTA No EDTA 0.01¢
TDTA
None o L 3 3=l
Sheet steel, galvanized 0 o* 0%
Alumi num L 4 L
Stainless steel, No. 3L7 3 3-4 4
Polysthylens, sausage tubing 3 ' 3=4 L
Saran, sheet plastic 3-4
Plastio fibar claea 0
Tygon tubing Q
Jasket rubber, Carlosk 353 0
Buna N rubber o
Sheet neoprens, Oarlock 8790 0
Gum rudbber tubing 0

Thele cultures were inoculated with first passage control culture, all
other second passage madia were inooulated with the co:'v-oeponding firet
paAsBage cuiture
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abaence of prowin in {utes which were ¢loged wizh rubber stopyers after
inoculatlion. Jrowur Was net irdsiated when the nir *co e sirdlar cul-

tures was reriaced With: ca.bf.. dlioxide, ~Xypen, 4 TLA -4.e contaliulig O
per cent carbton diOX‘d" and 9% per oernt nitrercn, or A rdxiure containing
1 per cant cartsn dinxide, 1€ prr sent oxyren and 83 per co'*t LT 6T,
Likewr.ze, Ly irzces nf frowtl were fogund in culturc: insutatsd in szosed

Brew r angaerope Jars ﬂnn‘xininﬂ alther air or air enriched with carton di-
oxlée to a coacantration of 1.2 ser cent, It was nvident that the eflfects
of gases c¢ould net te 3§t ..dl"tl in culture syatems without yprovieions fer tre
ropienishment and removal of gass8. Growtl: was ootained when & slow stroam
of 2ir or carbon dloxide wes contlnuoasly passed over the surface of cul~
turos; af after three weeks of incutation the average cell yields of duplicate
5 ml culturas were 13,000 and 2,300 cells per rl respectively, No prowth
occurred in similar cultures treatcd with oxypen. Control cultures closad
with cotton plugs gave 15,000 cella per ml, A similar experiment with 1.2
liter cultures in low form culturs {lasks showed no growth with 5 pear cent
carbon dioxide in nitrogen, and identical ylalds of 7,000 and 23,00C cells
per ml aftear 17 and 24 dayl of lncubation with moving or atatic air,

The rasulte of thess experiments showed that alr was superior to the
other gases studied in supporting the growth of Q catanells and that free
diffusion or flow of sir wes sseentlal for good growth. 1The change from
pH 8 to pH 6.3 and 5.3 of cultures exposed to the carbon dioxide mixtures
or to carbon dioxlde may account for the irnhibition of grewth in these
cultures, The correctien ol this condition would permit investigations of
carbon dioxide enriched culturas as suparior madia for the phatesynthetie
activities of G catanella,

" {11) Orowth in Ses Water Medium Containing
0,015 per cent XNOj

Orowth of O catanalla was datermined at frequent intervals during a
21 day incubation period In duplicats 500 ml volumas of see water medium
contalning 0,015 per cent KNOj in Fernbdach flasks; using a 10 per cnnt sea
vater inoculum., Direct cell counts on 3 or L samples, aud csllular car-
bohydrate deterninations by the anthrone method were made after each incu-
bation period. The cell ylelds (thousands por ml) and the carbohydrais
yields expreuod a3 the op‘tdt.ll density (OD) per ml for the 2 culturas
weret
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Incgg{geu Calla Gursare 4 oD ‘ Calls Su-tare B oD

0 6 é
2 8.5 7,022 6 0,028
g 22 ,092 18 .C70
§ 22 057 16 058
7 27 132 19 127
9 36 1Lk 25 127

10 L6 .160 28 118

13 6l 169 Lk 122

15 7 53

17 59 211 Y 174

21 £ I . 200 na 186

The cell counts und optical denasity valuss were proportional up to §
days of incubation, After 9 days of inoudbation the two methods diverged
with leses anthrone color per cell than during sarly growth., Based on
¢cell counts, growth in sea water medium containing 0,001S per cent XNO 3
showed a lag period of approximately 2 days followed by a period of
rapid cell multiplication to maximum yields after 15 dtyl of incubation.

b, ARTIFICIAL SEA WATER MEDIA

(1) Lyman and nening Madi um

Orowth of G catum;la was obtaimd 1n Lyman and F‘lnminrl art{fin{ﬂ
sea water supplémanted with thy same concentrations of inorganic nut.riente

and soll extract contained in sea water medium,

Lyman and Fleming arvificiel sea water contains the following per-
centages of inorganic salts dlusolved irn distilled water:

1. Jour. Maritime Res. 3, 134 (1940),
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ps %
hall 2ol 1aHCO7 0.3L9
MpsloeBHS0 L1.06 Ker 242056
naysoy Ce35 H4BOj £,0026
CaCly- ;0 Dl SrClg-éHgO 004
KC1l 0.0566 NaF 0.2003

The cell ylelds in Lyman and Fleming medium with sea watar laoculum were
11,200 and 19,000 cells mer ml in two experiments cormpared to ylelds of
17,007 and 36,000 cells per ml in corresponding sea water medium cultures.
The cell yields in 5 successive vpassapges in Lyman and Fleming rmedium with-
out soil extract were: 17,000; 1L,000; 12,9233 2, 0, and 5,500 in tripli-
cate fourth passage culiures; and Q in triplicate fifth passage cultures.
In a serins of transfers through inzreasing volumes of medlam, 2% ml of
Lyma and Fleming medium without soil extract yilelded 36,000 celle per ml
after inoculation with 10 ml of sea water culture and incubation for 10 days.
This entire culture was used to inocula*e 175 ml of the same medium, which
gave 3,600 cells per ml after 16 days of incutation, This cultura was
inocculated into 1 liter of Lyman and Flaming mediwm. The el yields after
9, 19 and 30 days of incubation were 4,800, 6,200 and 11,700 galls per ml
respectively,

In other expsriments, the polson ylelds from first nassage culturss in
Lyman and Fleming media were equal to the yields in control sea water media,
In general, Lyman and Flsming mediun gave satisfactory growth wlth inecula
grown in sea water nedla, but the deoreased grosth on successiva aubculture
indicated that it could not be used exclusively in placa of sez water medis.

(2) Sea Salt Media

- The difficulties in procuring and storing suficient volumeuy of sea
water for the production of G catanslla polson led to further attempis to
develop satisfactory artific¥al sea water msdia, 4in artificlal sea vater
medium condisting of a solution of commercial sea selt in tap water supple-
mented with the same smounts of inorganic nutrientes and soil axtract as
used iri sea water medium gave good growth with a 15 per cent sea water
inoculum. Experiments were conductad tc detarmine the optimum concentration
of sea salt in this medium prepared with and without soil extract. Tha cell
vielde in several experimenta with duplicats 5 ml cultures receiving sea
vater inocula were: o T ' -
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Percentage sea salt

Cells per m1 {thousands)

‘Wlunout scll exiract with soll exiract
b L3, 17
3.6 3, 20 28, 26
3.2 26 Lg, 3l L9
3.0 8.7 -
2.4 19 Lo
2.0 L7
1.0 5.0
Sea water ‘mdim control 2L, 25 38, 36, 72

%he medium contaiming 3.2 per cent of sea salt with soil extract (sea -

salt medium) was used in subsequant investigations,

{3} m™

~Effsct of EDTA in 822 821t Medla

Qood growth oceurred in ses salt medium with a 16 per cent sea water
inoculum, but poor growth resulted upon subeulture in thie medium. The
addition of EDTA derivatives save improved growth in first and second

passage culturea in see salt medium,

The commercial products Di Sodium

Verseinate (Bareaworth Chemical Company) and Sequestrene Na, (Alross Chemi-

cal Compary) were squally effective f{or inis purpoes,

in this and the

following oxperiments with sea sslt media, growth is axpressed in visual
uwiite es defined above. A sea salt medium containing 0.01 per cant of
TDTA gave better growth than medis containing higher or lower concentra-

tions of EDTA: ~

Per cent EDTA

| | “arowth (visual)
First passage

Seacnd passage

0 ' 2-3 o
0.001 | L 1-2
0.01 b 3
0.02% 3 1.2
J.05 | 3 0
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Tre n-cessity for determining grewth In sutouilures of media to be ovaluated
was =“ow* in thisg excerimant, Inaderuacles in tha control and 2.05 zer

cent ENTA media were not apparent in the first passage cultures ovecause of
the carryover of nutrients with the L5 per cent sea water inocuium.

(L) The Tifect of Different Marine Scil Extracts

' - o . . 2

011 mampies from ithe Pacific Qcean {(Iverne .del mud- r

Soi1 piag f the Pacific 0 {Iverness t.deland mud~), from
Alaskan poison clam beds¢; an? from the Atlantic Qcean at Norfolk, Vir-
ginia¢, gave extracts with simllar activity. The extracts were assayed

at a 2 ner cent by v-lume concentration in srz 22lt medium and in this
waddwm wth O N1 nar sant of addad ENTA Tha first nacssare madia rageivand

adivm 0,01 per cent of added ENTA, The first passep
& 16 per cent sea watar ineculum. The second passage redia were inocu-
lated with the corresponding first pas3sces cultures (1L day) and incubated
11 daye. Contro) media without z0il extract were included in both passages
to give & measure of eso0il extrlﬂt gtimudation, The following results wers
obtained: ’

Soll extract source T Orowth {visugl)

First passage ) Second psssage
- EDTA + EDTA - BTA + EDTA
 Qontrol 3-4 4 1 1-2
Pacifis mid , L i 2 3-4
Alaskan oclem bed L L5 1-3 3
Yorfolk, Va., harbor L b 1-2 -4
wash _ . - ' :

The four 8oil extracts gave similar stimulation in the second passage

sultures, with the best gro'th ocourring in the prasence of both soll

- -v#unn# nnd W\H‘A
N vVa el &4

The activity of the inorganic catione in =o0il extract was =tudied by

“ion exohange resin technm,uoa. A 50 =l sarple of marine soil extract was
~yasmed through a 0.75 in., by 7 in, colunn of Dowex~5C followed by 25 ml

of redistilled water. Analvees oa th. combined efflusnt (dacationized
scil sxtract) showed that Dowex-S“,txastﬂe*t raduced the total solids of
the goll extract sample frorm 2.96 to 0,13 per cent, and the ash frem 0.1

1, Collected ty R. ¥. Mills, Rooper Foundation, fan Francisco, Cal.

2, Ottained by R. ®. Rew, K41, USN, _
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were compared in sa31 salit mediurm wLUh cea waler inooulum. Decatlionized

soll extrect pave Iirst passage growtin Jtinulatlon e3ual o untreated soifl
extract, The cation fraction 4id not stimulate growih. OSeveral metalliic
cations were tested for possible stimulation of the decationized soll ex-
tract. Calcium (50 pg per ml) was inaciive, and ragnesium (50 pg per ml)
and manganese (10 ug per ml) raduced the growtn., The mixture of inorganic
trace rutrients devised by loagland was also inactive and supported the
conciusion that inorganic cations were not the sowrce of 801l axtract stimu-
lation,

(5) The Stimulatory Bffect of Sea Water in Sea Salt Media

The reduction in growth of G gatanella with successive passage in sea
8s1t medis was overcoms by the addition of small quantities of sea water,
Similar growth atimulation was obtained with the filtrate of concentrated
seg water vhich suggestad that the required sea water nuirients remeined
in the concentrated trine in the commarcial sea 8alt production process.
The laboratory concentration of sea water was carried out in the following
manneri S00 ml of sea water was concentrated to 10 ml on a steam bath and
transferred tc a filter, The =clids on the filter (leboratéry sea salt)
ware washnd with distilled water to bring the filtrets (brins) volume to
25 ml, The effect was studiad of including 5 per cant of brins or 15 per
cent of sea water in eep salt mediag preparsd with comercial #ea sald o
with leboratory s=a salt, Bamples of ll-day first passage growth in sach
medium were used to inoculata fresh tubes of the same medium. The following
growth resulted in ths sscond passage cultures

Supplemont Qrowth (visual) o
Commercisl sea sait Laboratory sea salt
7 days 1L deye 7 days 1L_days
Hone 1.2 c 1.2 | g=3
Brine 2 3l 2-3 3-b
S22 watar =L - ER 12 L

It was evident that the brine gave growth stimulation aimilar %o sea water
in both sea salt media,

" %o detarmine whather this stimulation could be replaced bty soll ex-
tract, sea 211t nmedia containing diffarent concentrations »f soil exiract
or 0! 28R water wara prepared. The inoculum conaisted of cells grown in
sea water mwdium wiich were collected and washed on coarse paper by
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gravity Ifilirsticn and resuspended in gsea salt medium. This treatment
gre-tly reduced the number of motils cells in the inoculum and proionged
the lag period of growth. The following growth was obtained after 14
and 21 days:

Medium Growth (visual)
§ aoil extract % sea water 1L days 21 days
o] 0 0] o
2 o 0 0
L 0 0 0
6 0 c 0
0 0 0-1 - 0-1
2 5 1 1-3
, 10 1.2 3
2 15 2=3 , L
sea water medium 97;6 | e 7 J-L

The growth stimulation shown by sea water waz not replaced by soil ex-
tract, The washed inoculum technique was effective for obtaining valid
data with first passage cultures.

An experiment tasting inorganic trace elements as the source of
the sea water stimulation was in prograss at the termination of this =
projeot., Several metallic cations wery added singly to sea salt medium.
The first passage cultures recoivod sea water inoculum and distinct
growth effects were not obtained, A dacreased lag pariod was indicated
in the media supplementad with ionic,Ca, Mg, ¥n, Zn or Co. No affect was
observed with ionic Al, Ni, Cu, Li or Mo, A mixture cof inorganic trace
nutriants containing all of these icns did not promote growth in sea salt
medium inoculated with washed celle. The same inoculum grew in medium
supplemented with S per cent of sea water., Therefore, it sesmed advis-
sble to add 5 to 15 per cent of sea water to sea salt medium. The use
of such media in place of ses water media would be advantageous for
polson production by reducing the collecticn, transpurtntion and atorago
of sea water by at least 85 per cent,

SECRET
Security Information



SLCRET

Security Information

el SRR AT AT AR AYS N AR T a N U T NTET T L mm AL Y uk ekl
o CUVRIFICATICON \{}‘ o GONLTLAN CALNTLLA BTQCK CULTURE

a. INTRODUCTION

Undzsirabtle outgrewth ol the tacterial contamingnts present in the

- stock culture of G catanalla occurrnd in cultures held for rore than 2
weaks without trans¥er and in younger cultures grown in experimental media
supplemented with organic nuirients. When the contaninant population te-~
came too large, the 3 catanerlla cells did not survive. Several methods cof
eliminating the contaminant® In suszpenaions of actively motile G catanella
cells were tried: 4inHitition of contaminants by treatment with antiblotics,
separation by waahing procedures, and alimination of ccntaminants by
traatment with ultraviolst light, The presence of bacterial contaminantis
in the treatad ( catanella culture was determined by streaking on sea water
ajar (sea water peptone agar fortified with figh meal extract). The plates
wers incubated at room temperature and examined for bacterial colonies
after 2L, L8, and 72 hours., G catanella did not grow on any solid media
tried, In no case, using ons of & combination of purification tachnijuas,
were the tacterial contaminants entirely eliminated; bacterial cells
capahle of eventually outgrowing the Joryaulax aiways remained,

t., THEZ TFFECT OF ANTIBIOT:CS
(1) Treatment of Isclated Contsminants with Antibioties

The bacterial contaminants prssent in the ¢ catanella culture vere
divisitle on the basis of colony appearance on ss3 Water agir ints thxree
general groupst (1) those forming "rough" nonpigmented colonies, (2)
those forming "smooth" nonpigmented colonies and (3) those forming "smooth
pigmanted colonies. Pink coloniss of type (3) appeared on agar after 2
to 3 wesks of inoubation, whils types (1) and (2) produced visable colo-
nies after 2L to L8 hours of incubation. Many coclenies, belonging t¢ all
three types, darkened on aging. The lag phase of growth for all types of -
contmminants wag often longsr when subcultured from a liquid culture ocon-
taining high levels of antidlotics. Young cultures cf the above contami-
nants were short (ram-negative rods; howsver, older cultures oftsn stained
irvsgularly with the Cram stain. Pleomorphic forms wors often saen; en- :
vaeially 4n the presence of high concentrations of some antibictica, Type
(1) organisms wera the most suscepiitle t¢ the inhibiting effects of all
of the antibiotics used, type (3) wara next in suscaptibility and type (2)
wares the lemsi susceptitle. In many casns the presence of an antibiotis
in & madium kept the bacterial popul~ticn to a minimum because of inhibi-
tion but nhot tc death of these cells; hawever, gubculturing into fresh
medlia without antiblotics allowed the bacteria to multiply agaiin.

To dotermine the most efficient concentrations of antibiotics which
wouid inhiblit the Lacterial contarinanis, pura cultures of types (1) and
(2), iscleted from the mixad culture, were seade:! on separate patri plates
containing s~z watar apar by spreading .5 ml of a sca water auspension of
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agel racterial culture withh a s<erile glasy roc, —terile 1,40 om Jiite:
N

.
per discs were placed on the seeded plates and .Y ml of Increasing
n
~

&

oncentrations <f the eniiblotics »r briliiant preen were placed usep-
ally on the fililer paprrs. These plailes were incubated cvernight at
room terprrature. Inhibition of the tacterial growWwth was <demonstrated

by zones of inhitition around the Iilter paprr diecs. Both contaminants
were inribited Yy the tollewinrmy 100 ug por mi of aurecmyein or peni-
cillin G} 10 and 100 ug =er ml of sireptomycin or polymyxin 33 &, 40,

and LOO units per ml of streptothriein; and 1000 and 120,000 ug per ml of
briliiant grean, Actidicne, 0.71 to 170 ug per ml; <4id not inhibit either
econtaminant,

[l &}

A
i

ct

(2) Treatment of the G catanella Culture with antitiotics

Antitiotics or trilliant green added separately tc G catanelis
cultures did not aliminaie the tacterisl conuaminants. O catanalia grew
in test tubes containing 5 ml volumes of sor water medium When 5.1 to
100 g per rl of the following antitiotics were added csepticallyt actl-
dione, aureumycln, circulin sulfate, polymyxin B, crude polymyxin, strep-
‘omyocin, terramycin, antibiotic-S (Abbott), A686-3 (Bristel), chloromycetin,
neomyein or viemycin, G catanella also grow when 4 to LOO units per ml
of streptothricin ur 1 To JOO0 unlts per ml of penicillin G were added
aseptically to sea water medium, Brilliant green (10 to 10,000 kg per ml)
and penioillin @ plus procaine complately inhibited ¢he growth of O cata-
nalla in ses water medium. The "rough" cslony %ype was inhibited by all
antioiotics used except actidions and peniclllin G. With strepteomycin,
polymyxin B, circulin sulfate, and 4 £86-3 &ll bacterisl contaminants were
reduced to what was considered just ons type (tyve 2).

The addition of mitiblotics to mas witer medium without scll extract
or to Lyman and Fleming =edium without soll extract affected the cell yields
of Q catanella as shown in Table 2, Streutothricin, etreptomycin, peni-
¢117in and polymyxin improved growth of O catanella, Aureomycin (20 to
100 jg per ml) or circulin sulfste (200 g per mi) inhibited § catanella.

" (3) The Tffact of Antitiotics on Poison Producticn

When 20 ml volumes of anticiotic-treated O cetanella culiures were
lnoculatéd into 50 ml of sea water medium, poison Was prasant in all :
cultures alter 9 days of incubatlon. The highest cell counts and toxdelty
werea obtainsd with the cultiure trcated with circulin sulfate, One culturs
yielded 51,000 cells per ml and 0,52 to 0,77 MU per ml cul ture and tha
duplicate culture yleldsd L5,000 oslle per =l and 0.97 %o 1.4 MU prr ml
culture, - ’

(4) Ser1il Passage of § catanellsa “in Mrdia Containing
Antidblotics

Serial passege of G catonella in the pregence of one antlblotic did
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TABLT 2.0 TUT OTTREAT 70 ANUIUICYICC oW THE OTHS
CF ’CYYAJLJA CaCW-LLA IN MFDIA n~..0
SOIL
e S
Antiblotic concentration - ) Cells per ml. (thousw.:ds)
. Exp. 1° Fxp. 28 Exp., 3%
None 25 , 1L 6.5
Streptothriein & units/ml 23
n 8¢ " ' 23
Streptomycin 5 ug/ml _ 21
Pernicillin G 1 wnit/ml Lo
v 10 " 26
" 100 " 2l ' 2
Polymyxin B 10 ug/ml : U
" 20 " ‘ 10
7 " 100 M 8.5 3
n Qw " 9\
Circulin 5 ug/ml
rullate 13
Hogo oM ‘ 10
ninog " o 12
" 200 M L
Aureomycin 20 ug/ml 7 7 | 7
o100 M , | 1

4., Exp. 1 and 2 - Cella prown in sea water medium without 5oil
axtract,

b. Exp. 3 - Cells grown in Lyman and Fleming —edium,
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no* eliminaic the contwilinenis. 1ne G cavarnlla celis it the surfaca of
cultures in test tubes wire xraﬁ:fnrr?dmtf'nvefl, interviie iﬂ sea water
medium without scill extract tuil conwzinlng ane Af t‘.u 0’10&1 ntible-
tiecs: 8 or B unizs of streptotiiricin unr ml; 5 pg strep CmJC_L par Ti;

1, 10 or 100 unizs =f ,nni:illi* o per ﬂi, 10, &, 100 or 230 ug zoly-
myxin B par ml; 5, S0, 100 or &80 bg circulin sulrate per iy and 20 or
100 ug awreomyein per ml, G catanslla d d niot survive after ihe second
transfrr in media centaining aurecmycin or gtroytOﬁyci* Reduced preowth
of @ catanella occurred in the presence ui the cther a ‘i,*ouics after 4
*ra“s?e;s, nowever, no culture was {rea of convar’"an+s.

The growtnh of { catanella “n sea W= tor mediuﬂ without soil axtract
but containing nixtures ol 5 autitiotics (60 or 100 ug of polymyxin B, 3
units . of ctreptothricin, and 100 ug of eirculin sulfate per ml) decreased
with egch transier and did not swrvive the third serial passage, The
omlission of soil extract in the media used for serial passage mey have
baer resronsitla for the reduction in pgrowth, '

c. ATTENPTS TC REMOVE BACTERIAL CONTAMINANTS BY WASHING TECHNI,UES

An attempt was made o0 separate 0 catanella from the contaminants
by repid serial transfer in Lyman and Fleming medium. The O catanella
culture was first sutcultured in sea water media containing antipiotice
to reduce the contaminant populaticn as fellowst L transfers in the pre-
sencs of § units of streplothricin or 100 pg of circulin sulfats per =i,
followed by 1 transfer in the pressnce of a nixture of these antibiotics,
Aotive cells from the upper surfuce of the culture were transfzrred to
Lyman and Fleming madium and 12 similar transfers wore made at LS %o &0
minute intervals in 5 ml volumes of Lyman and Flaming modiwm, After 7
days of incubation Q catanella calls were present in only the first and
second subcultures,” Jontamlrants were detected in suboultures 1 whrough
10 by inoculation into anriched media,

Rapid serial transfar of a F*n‘f-nan cell through starila dropleta
of media was used bty Qlaser and Cori+ to obtain a bacterial free culture

of the protozoa., In repeated attempts at singls call manipulation of

0 catanella in a micropipet using a widafield micromoope, ths Oonyaulax
2aTls ware not motila aftar tha gangnd transfer aven vhan a2 nn‘a g;gge

was used or all transfers were mads in the 17 C laboratory. To determins
whether a very small inoculum could . initiate growth, 1 or 5 cells were
transferred to droplets of saa water medium on a serios of slides and
these 8lides were incubated in an {iluminated molat chamber. ALl cells
were nonmotile after 2 days and there was no incresse in cell number after
2 waaka of incubation. To roduce tha affects ¢f svaporation of media
during incubation, seversl cells were transferred by microplpet diraectly
into 0.5 ml of sea water medium in a test tute. There were no G catanalla
cells in thase tutes after 2 months of incutation. -

o

1. R. W, Giaser and . &, Co

el, Jour, Fxp. Med, 51, TB7 (1930),.
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. Nt Lot I YL Fopn (lm T4 3 e 3 . Yt A
A WaSiLlig uecnnlf..“e Cased on the dilicrance 1n coll slze telween 3

catanaila ancd Lhe bacteriali contaminants utilized a filter which would re-
Taln he larger G cavanelia cells on a .ay~r of glass beads and allow the
smaller tacieria to te washad into the filtrate. 1In peneral the filters
consisted of 18-mm taperinp pyrex tubing, 3 to 25 ¢ long, contairning a
lewer layer, 0.5 or 5.0 ¢m in Septh, of glass Leads 200 u in dlarmeter and
an uppar layer, 2.5 to 1.5 om in depth, o plass beads 100 u in diametor.
ALl washing was porformed at 17 C. The filter was fitvad to a sterile
suction flask, a sample of G catanella culture was placed on the {ilter,
and sterile tsea water allowed tc f1ow through the 7iltcr., The washing was
discontinuad at hourly intervals and the culture illuminated for 30 rinutes
to stimulate the Conyaulax cells to swim to the surface of the liquid above
the filter. Sarples ol tne cultuwre abtove the filter were removed and inocu-
lated into sea water medium with or without antibiotics. Bacterla-iree
catanella cultures were not obtained even whan the following improvements
and modifications were made: the Coryaulax cella to be washed were passed
through two transfers at weekly intervals in sea water medium containing
eirculin sulfate %o reduce the initial bacterial population; the Ooggaulax
culture was rewashed; the washing of ths cells was nastansd by applying
gentle suction; the washed culture samples were inoculated into sea water
medium containing antiblotics known to inhibit some of the bacterial cone
taminants present (puolymyxin B, cirgulin sulfate, streptomyoin or strsp-
tothricin). Finally a G catanells culture, grown in the presence of cir-
culin sulfate, was rewashed sevara) %imsa and sach sampling of the washed
célle transferred to s#a water madiwa and sea water medium plus polymyxdin
B, cireculin suliaie, streptorycin or sirepilothricin. The bacsterisl con-
taninants were not complctely aliminated by this procedure.

The number of bacteria was zrobably greater than the number of 6
catanslla in cultures one week old, even when the usual growth of G cata-
nailia was obtained, A washing procedure designed to dilute the bactiria
and not the G catanella c~lls was based on the fact that when sterile sea
vater was added %o the impure culture, O catanella cells would swim io
the surface of the liquid medium, allowlng tha vactaria in thea lower Layer
to b continuously diluted and rsmoved. When s § catanella culture wea
weshed with three, 500 ml volumes of sterile sea water in a 1000 ml diss
pensing cyiinder btoth Q catanellis and bacteria survived. A 250 ml level-
ing buldb was then substiTuted for the cylindar. Both § catanslla and
bactaris wers recovarad after washing with 1 liter of saa water but con-
tinued washing ylelded conly bacteria,

d, TREATMENT WITH ULTRAVIOGLET LIGHT

G catanella cells ware found to e more sensitive to ultraviolst'
light tRan tne tacterial contominantg, 4 thin layer of G catanella
culture in the well of a strrile culiure slide was exposed fto uiira-
violet 1light at a distaice of L inchas for 1, 2, 3, 3.5, L, k.G, 5, 5.5,
5 and 7 minutes, G catan:lla cells survivad and grew on subculture in
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sea wuler madium aliter sxiocure for 1 w0 2., minuzes and in cne trial fer
- 3 - !
4 ranutes, Tazterial contaminants survived all wericds of ultraviole*

treatmant.

&. THE PRODLCTION OF GONTAULAX CATANTLLA POISON

a, STATICHLRY CULIURES

Foison producticon was studiled in increasing volumrs of sSes water
mediur to determine the conditions for maximum poison yields with the
avallatle 17 € facilities, | decrrase in poison yleld resulied as the
dapth of the culture incrrased as shown ty the maximum ylelds obhtaired
with various volumes of mediu. in different culture veassls:

Volume, Nepth, ells per il 1 cer md

mnl cn ?uhousands3 MU per mi
20 1.5 33 0.9
o 2.% Lo 1.2

200 215 19 0017
000 7.0 18 - 0422
-L'hm ll 17 00L8
1,L00 0.6 0 0.26
2,000 5,0 21 | 0.2k
11,000 18 o7 0.15
Tne teat yields were ovilaliied i shallow cultures., Yislds in 18 em
desp culiuree ware not significantly improved by keeping the culture

nixed by a magnetic stirrer or sirram of nir bubbles, The batter yields
~ in shallow cultures protatly resulted from superior illumiration and

. arration of the madium,

b,  ROTATING CULTURES

A rotating fermanter was testesd as a moans of impreving the aeratien
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and 1lliumination ol culiwres in norizontal 20 iiter pyrex teottles, Growth
and polscn yielics were delermined in 3,0 Liter cuitures illuminated with
five 1S-watt fluoresceont tubes piaced Y inch from the cuter surzace 5f tre
bottle., & series of experiments gave the following rosulitsod
Rotation Cells per ml {thousanis) - ¥U per ml
speed days daysa
rpn 3 5 7 9 1 11 2 5 7% 30 11
3 13 21 36 L0919 .20
10 26 Ja 33 ~ 11 .13 13 L2
15 22 36 47 2 50 <17 .09 .12 18- .09 - 06
33 .30
8 5.3 2k .56

The poison yields of 0,3 and 0,56 MU par ml represented increases over
previous ylelds from culturas of this volume, The adventage of the ro-
tating fermentor was probably due to improved illurdnation and aeration
of the film ef culture carried on the inner surface of the rotating bottle,

The affect of {1luminating with a single 36 inoh, 30 watt fluoras-
gent tubs placed ingide ths rotating (3 rpm) bottls was studisd 23 & megns
of utilizing the fluorescent 1light more efficiently and of providing illumi-
‘nation in opaque rcuating tanks proposed for production use, A stationary
control culture il.iuminsted the same way was included in egck experiment,
The composition of the madium and the volume weres ihs same as in the pre-
ceding experiments with outside illuminatidn, In the first sxperimant un-
Jacketed fluorescent tubes were used with the following resultsi

Cells par ml (thousands) MU per m1
i days 8 days L, daye o B lays
_Botating ouwlture 0 , : 19 L5

Stationary culture B o .53 B T

The poison axtract from the 8.day rotated culture was lost, but the
similarity of the other yield data indicated that rotation did not affect
the ylelds., 1In a second experimaal the fluorescent tube was jacketed
with a glass tubs and ths annular space tetween the two tutes {3 rm) wan
filled with water as a {ilter to ramove pomsible harmful radiation. The
resulte of this axpariment waraes ‘

SECRET
Security Information



SECRET

Security Information

39
Crlls per ml (thousands) MU per ml
6 days 8 days 6 days % days
Rotating culture . 8 17 .36 .2k
Stationary culture 9 18 .43 .29

The growth and polson yields were smaller than with the unjacketed tube;
therefore, no benefit was realized bty {iltering the light through water
and glass., The experiments with inside illumination showed equally low
vields in stationary and rotated cultures. It was possible that the growth
of contaminunts in these cultures mzy have limited G catanella cell and
poison yields. Studies on the use of antibiotics to check contuminant
growth in rotating cultures were i:. propress at the termination of the
project, The addition of 1 pg of polymysin B per ml of sea water medium
containing 0,015 per cent KNO3 pave poison ylelds nf+ar 7 days of incuba-
tion of 0.L8 and 0,13 MU per ml respectively in rointed and stationary
cultures. The effect of 20 pp of colymyzin per ml of sea water medium
containing 0.015 per cent KNOy wan delermined under several conditions of
incubation. BRach bottle containivg 3 Iiters of mediun was inoculated with
500 ml of tha above rotated culture which reduced the polymyxin concentra-
tion +0 17 ug per ml. The follouing yistdr were ohtaineds

Incubation Polymyxin  Illunina- Dells per ml MU per ml

P S

~.

Mg per ml tion { thousands) Ca
- | hotays . days li-days 7 days
Rotated 17 outaide 1% 18 . 0.8 1.3
Stationary 17 outside 16 37 Wb | 52
0 outside 21 3 ;o g.s
Stationary 17 inside 716 “5» o i o
0 inside 13 B Rt .

The rasults of thic experiment indicated that polymyxin, rotation and

outside illumination were desirable for poison production. The poison

yields obtainad in the rotated culture represented substantial gains over -
previous ylelds. With an average yield of 1 MU per ml per wsek the total -

poleon production from twenty, 3.5 liter cultures (capac!ty of the 17.¢ . .
lakeratory) would be 70,000 MU per week. This estimate probably dogs not
represent the ultimate poison production with the existing facilities,

Additional gains in poison yiaid would be expected with further research
on the use of antibiotics or purified cultures, and on the improvement.of. - .-
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the cul ture medium. In view of these considerations it abpears‘ﬂxat the

laboratory production of G catanella polson for chemical studies is
feaalbla. ! '

L .
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